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Figure 12-1. Roads Assessed Using the CWE Sediment Delivery Protocol
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Table 12-1. CWE road sediment delivery data', road segment by road segment.
Road Road Cut Slope Fill Slope Road Inside Ditch Delivery Total Road Assumed
Segment Segment Erosion Erosion Surface Erosion Multiplier Sediment Road
Length Length Rating Rating Erosion Rating Delivery Sediment
(Feet) (Miles) Rating Score Delivery
Score
7,719 1.46 2 1 2 2 2 36 0
4,320 0.82 1 1 2 2 2 30 0
1,414 0.27 1 1 2 2 2 30 0
2,341 0.44 1 1 2 2 2 30 0
601 0.1 1 1 1 1 2 20 0
5,480 1.04 1 1 1 1 2 20 0
5,862 1.1 1 1 1 1 2 20 0
4,226 0.80 1 1 1 1 2 20 0
3,877 0.73 1 1 1 1 2 20 0
2,183 0.41 1 1 1 1 2 20 0
615 0.12 1 1 1 1 2 20 0
605 0.12 1 1 1 1 2 20 0
1,371 0.26 1 1 2 2 1 15 0
800 0.15 1 1 2 2 1 15 0
2,397 0.45 1 1 2 2 1 15 0
1,102 0.21 1 1 1 1 1 10 0
1,788 0.34 1 1 1 1 1 10 0
1,731 0.33 0 0 0 0 0 0 15
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Road Road Cut Slope Fill Slope Road Inside Ditch Delivery Total Road Assumed
Segment Segment Erosion Erosion Surface Erosion Multiplier Sediment Road
Length Length Rating Rating Erosion Rating Delivery Sediment
(Feet) (Miles) Rating Score Delivery
Score
502 0.10 0 0 0 0 0 0 15
1,506 0.29 0 0 0 0 0 0 15
535 0.10 0 0 0 0 0 0 15
160 0.03 0 0 0 0 0 0 15
472 0.09 0 0 0 0 0 0 15
248 0.05 0 0 0 0 0 0 15
2,495 0.47 0 0 0 0 0 0 15
715 0.14 0 0 0 0 0 0 15
3,673 0.70 0 0 0 0 0 0 15
2,250 0.43 0 0 0 0 0 0 15
3,331 0.63 0 0 0 0 0 0 15
738 0.14 0 0 0 0 0 0 15
1,363 0.26 0 0 0 0 0 0 15
268 0.05 0 0 0 0 0 0 15
89 0.02 0 0 0 0 0 0 15
4,896 0.93 0 0 0 0 0 0 15
2,169 0.41 0 0 0 0 0 0 15
941 0.18 0 0 0 0 0 0 15
3,633 0.69 0 0 0 0 0 0 15
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Road Road Cut Slope Fill Slope Road Inside Ditch Delivery Total Road Assumed
Segment Segment Erosion Erosion Surface Erosion Multiplier Sediment Road
Length Length Rating Rating Erosion Rating Delivery Sediment
(Feet) (Miles) Rating Score Delivery
Score
4,906 0.93 0 0 0 0 0 0 15
4,899 0.93 0 0 0 0 0 0 15
1,494 0.28 0 0 0 0 0 0 15
1,875 0.36 0 0 0 0 0 0 15
1,734 0.33 0 0 0 0 0 0 15
3,270 0.62 0 0 0 0 0 0 15
449 0.09 0 0 0 0 0 0 15
739 0.14 0 0 0 0 0 0 15
4,144 0.79 0 0 0 0 0 0 15
432 0.08 0 0 0 0 0 0 15
789 0.15 0 0 0 0 0 0 15
1,649 0.31 0 0 0 0 0 0 15
278 0.05 0 0 0 0 0 0 15
219 0.04 0 0 0 0 0 0 15
4,049 0.77 0 0 0 0 0 0 15
68 0.01 0 0 0 0 0 0 15
1,151 0.22 0 0 0 0 0 0 15
96 0.02 0 0 0 0 0 0 15
3,814 0.72 0 0 0 0 0 0 15
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Road Road Cut Slope Fill Slope Road Inside Ditch Delivery Total Road Assumed
Segment Segment Erosion Erosion Surface Erosion Multiplier Sediment Road
Length Length Rating Rating Erosion Rating Delivery Sediment
(Feet) (Miles) Rating Score Delivery
Score
1,276 0.24 0 0 0 0 0 0 15
383 0.07 0 0 0 0 0 0 15
3,948 0.75 0 0 0 0 0 0 15
3,979 0.75 0 0 0 0 0 0 15
70 0.01 0 0 0 0 0 0 15
3,665 0.69 0 0 0 0 0 0 15
3,282 0.62 0 0 0 0 0 0 15
1,086 0.21 0 0 0 0 0 0 15
983 0.19 0 0 0 0 0 0 15
1,105 0.21 0 0 0 0 0 0 15
217 0.04 0 0 0 0 0 0 15
2,653 0.50 0 0 0 0 0 0 15
522 0.10 0 0 0 0 0 0 15
1,416 0.27 0 0 0 0 0 0 15
1,112 0.21 0 0 0 0 0 0 15
2,042 0.39 0 0 0 0 0 0 15
3,467 0.66 0 0 0 0 0 0 15
371 0.07 0 0 0 0 0 0 15
278 0.05 0 0 0 0 0 0 15
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Road Road Cut Slope Fill Slope Road Inside Ditch Delivery Total Road Assumed
Segment Segment Erosion Erosion Surface Erosion Multiplier Sediment Road
Length Length Rating Rating Erosion Rating Delivery Sediment
(Feet) (Miles) Rating Score Delivery
Score
39 0.01 0 0 0 0 0 0 15
643 0.12 0 0 0 0 0 0 15
597 0.1 0 0 0 0 0 0 15
7 0.00 0 0 0 0 0 0 15
991 0.19 0 0 0 0 0 0 15
1,811 0.34 0 0 0 0 0 0 15
1,800 0.34 0 0 0 0 0 0 15
1,048 0.20 0 0 0 0 0 0 15
973 0.18 0 0 0 0 0 0 15
1,024 0.19 0 0 0 0 0 0 15
788 0.15 0 0 0 0 0 0 15
2,702 0.51 0 0 0 0 0 0 15
1,904 0.36 0 0 0 0 0 0 15
217 0.04 0 0 0 0 0 0 15
357 0.07 0 0 0 0 0 0 15
1,847 0.35 0 0 0 0 0 0 15
1,130 0.21 0 0 0 0 0 0 15
180 0.03 0 0 0 0 0 0 15
62 0.01 0 0 0 0 0 0 15
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Road Road Cut Slope Fill Slope Road Inside Ditch Delivery Total Road Assumed
Segment Segment Erosion Erosion Surface Erosion Multiplier Sediment Road
Length Length Rating Rating Erosion Rating Delivery Sediment
(Feet) (Miles) Rating Score Delivery
Score
1,701 0.32 0 0 0 0 0 0 15
770 0.15 0 0 0 0 0 0 15
1,636 0.31 0 0 0 0 0 0 15
63 0.01 0 0 0 0 0 0 15
5,356 1.02 0 0 0 0 0 0 15
1243 0.24 0 0 0 0 0 0 15
6,003 1.14 0 0 0 0 0 0 15
2,049 0.39 0 0 0 0 0 0 15
2,530 0.48 0 0 0 0 0 0 15
61 0.01 0 0 0 0 0 0 15
1,345 0.26 0 0 0 0 0 0 15
152 0.03 0 0 0 0 0 0 15
317 0.06 0 0 0 0 0 0 15
3,675 0.70 0 0 0 0 0 0 15
1,746 0.33 0 0 0 0 0 0 15
1,777 0.34 0 0 0 0 0 0 15
742 0.14 0 0 0 0 0 0 15
151 0.03 0 0 0 0 0 0 15
1,186 0.23 0 0 0 0 0 0 15
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Road Road Cut Slope Fill Slope Road Inside Ditch Delivery Total Road Assumed
Segment Segment Erosion Erosion Surface Erosion Multiplier Sediment Road
Length Length Rating Rating Erosion Rating Delivery Sediment
(Feet) (Miles) Rating Score Delivery
Score
1,179 0.22 0 0 0 0 0 0 15
278 0.05 0 0 0 0 0 0 15
97 0.02 0 0 0 0 0 0 15
512 0.10 0 0 0 0 0 0 15
6,128 1.16 0 0 0 0 0 0 15
1,124 0.21 0 0 0 0 0 0 15
1,506 0.29 0 0 0 0 0 0 15
1,387 0.26 0 0 0 0 0 0 15
864 0.16 0 0 0 0 0 0 15
447 0.09 0 0 0 0 0 0 15
4,420 0.84 0 0 0 0 0 0 15
5,912 1.12 0 0 0 0 0 0 15
53 0.01 0 0 0 0 0 0 15
2,257 0.43 0 0 0 0 0 0 15

" The data in this table were generated following the CWE road protocol (IDL 2000).
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Comparison Between Stream Temperature Prediction
Models: SSTemp, Heat Source, and Idaho Cumulative
Watershed Effects

by

Western Watershed Analysts

Lewiston, Idaho

for

Idaho Department of Environmental Quality
January, 2001

Introduction

Idaho Department of Environmental Quality (IDEQ) contracted Western Watershed Analysts
(WWA) to conduct a comparison between three stream temperature prediction models:
SSTemp (developed by U.S. Fish and Wildlife Service), Heat Source (developed by Oregon
Department of Environmental Quality), and the Idaho Cumulative Watershed Effects (CWE)
procedure. The first two models are process-based, and require numerous stream
morphology and meteorologic input parameters. The Idaho CWE temperature prediction
relationships are empirically-based on extensive water temperature measurements made
throughout northern Idaho, and require only two inputs - vegetative shade level and
elevation.

The Cold Springs/Cool Creek drainage in the Upper North Fork Clearwater basin was used to
make comparisons between the three models. Predicted daily maximum and daily average
water temperatures from each of the three models were compared to water temperatures
measured in the Cold Springs/Cool Creek drainage during 1998, 1999, and 2000. The
purpose of the comparison was to ascertain whether the Idaho CWE temperature
relationships predicted actual temperatures as accurately as the other two process-based
models. If so, the CWE relationships could be used within the context of a Total Maximum
Daily Load (TMDL) allocation to determine shade levels required to maintain water quality
temperature standards.

Background

The federal Clean Water Act (CWA) requires states to protect the quality of their rivers,
streams, and lakes. The IDEQ has the responsibility for developing standards that protect
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beneficial uses of Idaho’s water resources. Section 303(d) of the Clean Water Act requires
the state to develop a list of waterbodies that do not meet standards. Listed streams are water
quality limited for physical and biological factors, such as temperature, pH, bacteria, and
dissolved oxygen. The IDEQ has proposed a TMDL program to address water quality
problems, including temperature. A temperature TMDL addresses stream heating problems
by linking them to watershed characteristics and management practices, establishing
objectives for water quality improvement, and identifying and implementing new or altered
management measures designed to achieve those objectives.

In developing a temperature TMDL, regulators must be able to identify locations within the
listed waterbody where temperatures exceed water quality standards, and determine the
factors (both natural and anthropogenic) that contribute to high water temperatures at those
locations. Only then can the agency determine the management actions necessary to
maintain the water temperature standards. To identify these factors, typically a combination
of temperature monitoring at selected locations along with stream temperature modeling is
utilized.

Two general types of stream temperature prediction models are available. Reach-based
models predict water temperatures on a site by site basis and generally require extensive
inputs to calculate the various heat fluxes associated with stream heating and cooling. Basin
models are capable of predicting water temperatures over a wider area and typically require
fewer input parameters, which makes them generally easier and less expensive to use in
applications to entire watersheds.

Temperature Model Descriptions
Heat Source

The Heat Source model was developed at Oregon State University as a tool for analyzing
stream temperature data (Boyd 1996). The model is used to predict effects on stream
temperatures resulting from changes in various stream parameters, and allows evaluation of
variations due to different management scenarios. The Heat Source model has been
described in detail by ODEQ (1999). The code is written in Visual Basic, with an Excel
spreadsheet input/output interface. Heat Source uses the same fundamental physical and
thermodynamic concepts as many other process-based models. The fundamental premise of
the model is that the water temperature at any given time and location in the stream is the
result of the physical heat transfer processes between the stream and its surrounding
environment. As a reach-based model, Heat Source predicts water temperatures at a
downstream location based on some known water temperatures at an upstream location; it
cannot predict stream temperatures at a given location in the stream system unless it is given
water temperature inputs from an upstream location.

The model itself requires four basic types of input:

1. stream characteristics - location, aspect, wetted width, flow, etc.
2. riparian characteristics - buffer height, width, overhang, etc.
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3. atmospheric conditions - air temperature, humidity, wind speed
4. hourly water temperatures at the upstream end of the reach through the course of a day

Based on these inputs, the model predicts the hourly water temperatures at the downstream
end of the reach, and displays the results in tabular and graphic formats.

SSTemp

The SSTemp model was developed by the U.S. Fish and Wildlife Service Technical Services
Branch (Theurer et al 1984; Bartholow 1989). SSTemp runs in a fashion similar to Heat
Source, and many of the inputs required for SSTemp are the same or similar to those for Heat
Source. However, SSTemp is oriented toward average daily conditions. For example, rather
than inputting minimum and maximum daily air temperatures and humidities, as in Heat
Source, SSTemp uses only daily average values of air temperature and humidity. As a result,
SSTemp is designed to predict only the daily average water temperature for the reach. The
SSTemp model results do report an estimated maximum daily temperature, but it is only an
estimate based on empirical relations, not on heat transfer process calculations. In addition,
SSTemp is implemented as an executable application, and therefore the code is not visible to,
nor changeable by, the user.

Idaho Cumulative Watershed Effects (CWE)

The Idaho CWE temperature model is an empirical model based on extensive water
temperature monitoring conducted throughout northern Idaho by Plum Creek Timber
Company (PCTC), Potlatch Corporation, and Idaho Department of Lands (IDL). The data
collection and analysis methods are described in detail in Sugden et al (1998). The results of
the analysis indicated that maximum weekly maximum water temperature (MWMT), which
is the average of the daily maximum water temperatures for the warmest seven-day period in
the summer, can be predicted with only two parameters - elevation and canopy cover - with a
correlation coefficient of r* = 0.49 (MWMT was used because most temperature standards
for fish species are written in terms of the MWMT). Slightly better predictions (r* = 0.58)
could be obtained by adding a third parameter - the average July-August drought index.

The Idaho CWE process (IDL 2000) uses the MWMT relationships developed in the PCTC
analysis, solving the equation for canopy cover in order to predict the shade level required to
maintain the various temperature standards, depending on fish species. The result is a table
that estimates required canopy cover, given elevation and the appropriate temperature
standard.

For our analysis, we used canopy cover and elevation as inputs to the CWE relationships to
predict the MWMT for the stream reach. Additional relationships developed by Sugden et al
(1998) were then used to predict instantaneous maximum and daily average water temperatures
in order to make comparisons to the results of the other two process-based models.
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Study Area

The Cold Springs/Cool Creek drainage was chosen for temperature modeling comparisons
because of the relative abundance of available data. Stream morphology characteristics were
available from stream surveys done by Clearwater BioStudies (1996), streamflow records
were available for water years 1983-92, and water temperature data had been recorded in
1998, 1999, and 2000. The drainage is located in the Upper North Fork Clearwater basin,
and flows into the North Fork Clearwater just downstream of Kelly Forks. The drainage
ranges in elevation from 2,700 feet to over 5,800 feet, and encompasses approximately 11
square miles. The stream system was divided into 43 reaches (see Figure 1), with reach
breaks taken at major tributary junctions or significant changes in stream characteristics, such
as aspect, gradient, or riparian shade. A total of approximately 16 miles of stream was
modeled.

Model Inputs
Heat Source

The complete set of input parameters used for the Heat Source model are shown in Tables 1
and 2. Table 1 shows the input values used to calibrate the model from data derived for July
27, 1998, which was the date that the warmest water temperatures were recorded in the study
drainage in 1998. Table 2 shows the input values used to predict water temperatures on
August 6, 1999, which was the date of warmest water temperatures recorded in that year.
Stream gauge data was recorded in Cold Springs Creek near the downstream end of Reach #
41. Unfortunately, water temperature data and stream flow data were not available for any
overlapping time period. Therefore, discharge of the North Fork Clearwater at the Canyon
Ranger Station was correlated to discharge in Cold Springs Creek for the months of July and
August from 1985 to 1992 (Figure 2). This correlation was then used to predict the flow at
Reach #41 for July 27, 1998, and August 6, 1999, from flows recorded for the North Fork
Clearwater. Flows for all other reach locations on those two dates were then estimated by
multiplying the flow at Reach # 41 by the ratio of the drainage areas, as measured from GIS.
Reach lengths were also obtained from GIS.

Latitude, longitude, stream aspect, stream elevations, and topographic shade angles were
estimated for each reach from topographic maps. Average wetted width of each reach was
estimated from stream survey data obtained by Clearwater BioStudies (1997). Rosgen
stream types recorded by Clearwater BioStudies (1997) were used to estimate bankfull values
of Manning’s n, as suggested by Rosgen (1996), with adjustments made to account for low
flow conditions based on recommendations by Jarrett (1984). Average stream depth and
velocity for each reach were then estimated using Manning relationships.

Height and density of riparian vegetation along each reach was estimated from recent stereo
aerial photography. The width of the riparian buffer was taken as one-half the height, in
order to enable compatibility between input parameters between Heat Source and SSTemp
(i.e., Heat Source requires buffer width as an input, whereas SSTemp requires tree crown
diameter as the equivalent input).
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Minimum and maximum air temperatures for each day were obtained from weather station
data at Pierce, Idaho (3,150 feet elevation), and adjusted for variations in elevation using a
typical lapse rate of 1.8°C per 1,000 feet. Values of humidity and average wind speed used
in the modeling were those reported for Missoula, Montana, because that was the nearest
weather station location for which humidity and wind speed data could be obtained.
Groundwater temperature was assumed to be equal to the average annual air temperature as
reported for Pierce, Idaho, and again adjusted for elevation.

Initial runs of the model resulted in predicted water temperatures well below those actually
measured on July 27, 1998. Several input parameters were therefore adjusted to calibrate the
model (see Table 1). Since the air column immediately above the stream may be moister
than that recorded in the open (i.e., at a weather station), average humidity was raised from
55% to 65%. Similarly, because the air temperature immediately above the water surface
may be partially regulated due to its proximity to the water, the daily variation in air
temperature was reduced to one-sixth of the actual measured variation, keeping the daily
average air temperature the same (i.e., measured minimum and maximum temperatures on
July 27, 1998, of 11°C and 36°C, respectively, at Pierce were adjusted to 22°C and 26°C,
respectively, in the modeling). Because groundwater temperature is in fact not a well known
quantity, the value for groundwater temperature was also raised by 8°C, yielding the
following relationship:

Tew = 14 +0.0018 (3,150 - E)

where T, = groundwater temperature (°C)
E = average stream reach elevation (feet)

To predict temperatures on August 6, 1999, the only input parameters that needed to be
changed were stream flow and air temperature. Flow on that day was slightly higher than for
July 27, 1998 (see Table 2). Measured air temperatures at Pierce for that date were 12°C
minimum and 32°C maximum. Therefore, consistent with the adjustments made for the
calibration on July 27, 1998, air temperatures input to the model for August 6, 1999 were
20.5°C minimum and 23.5°C maximum (at 3,150 feet elevation).

SSTemp

The complete set of input parameters used for the SSTemp model are shown in Tables 3 and
4. Table 3 shows the input values used to calibrate the model from data derived for July 27,
1998, and Table 4 shows the input values used to predict water temperatures on August 6,
1999.

All of the input parameters for the SSTemp model could be taken directly from or were
easily derived from the inputs used for the Heat Source model. Initial runs of SSTemp also
indicated that predicted average water temperatures were below those actually measured on
July 27, 1998, although the difference was less than that encountered in the initial runs of
Heat Source. Therefore, calibration of the SSTemp model consisted of increasing the

13-5 Final, Revised October 2003



Upper North Fork Clearwater River Subbasin Assessment and TMDLs October 2003

average humidity to 65% (the same as for Heat Source) and raising groundwater temperature
by only 2°C (i.e., 6°C cooler than that used for the calibration of Heat Source). As was true
for the Heat Source calibration, the average daily air temperature was left unchanged (see
Table 3). To predict temperatures on August 6, 1999, the stream flow and average air
temperature were changed to the same values as those used in the Heat Source model for that
date (see Table 4).

Idaho CWE

The Idaho CWE temperature model uses only two input parameters - canopy cover and
elevation. These parameters are shown in Table 5, and are the same values as those used for
Heat Source and SSTemp. The CWE prediction equation for northern Idaho is:

MWMT =29.1 - 0.00262 E - 0.0849 C

where MWMT = maximum weekly maximum temperature (°C)
E = stream reach elevation (feet)
C =riparian canopy cover (%)

In addition, the daily average temperature is predicted by:
Tave =0.95 + 0.83 MWMT

and the daily maximum temperature is predicted by:
Thax = 0.15 + 1.04 MWMT

Results

The predicted average and maximum water temperatures for each model/date combination
are shown in Tables 1-5 (last two rows of each table); these values are also plotted in Figures
3-7, along with the actual measured temperatures for comparison.

Calibration of Heat Source for the best achievable agreement at Reach # 27 on July 27, 1998,
resulted in under-prediction of temperatures at Reach #41 for that date (see Figure 3).
However, Heat Source temperature predictions for August 6, 1999, were very close to
measured values at reach #41, and somewhat high for Reach # 27 (Figure 4). Calibration of
SSTemp for the best possible agreement with the average measured temperature at Reach #
27 on July 27, 1998, also resulted in under-prediction of the average temperature at Reach
#41 for that date (Figure 5), but SSTemp over-predicted maximum temperatures at both
locations. SSTemp predictions of average temperatures for August 6, 1999, were fairly close
to the measured values, but SSTemp again over-predicted maximum temperatures (Figure 6).

In order to provide an estimate of the “goodness of fit” of the model calibrations, the root-

mean-square (RMS) of the deviations between simulated and measured temperatures for July
27, 1998, were calculated for each model (see Table 6). The RMS values were calculated for
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all measurements, and also for maximum temperatures only, because maximum temperatures
are the primary quantity of interest in a water quality context. Table 6 indicates that with our
model calibration, the average error in temperature predictions that might be expected from
Heat Source would be a little more than 1°C, and the average error in maximum predicted
temperatures might be about 1.5°C. Similarly, given our model calibration, the average error
in temperature predictions that might be expected with SSTemp would be around 1°C, or
possibly a little less for average water temperatures.

RMS errors for Heat Source temperature predictions on August 6, 1999, are approximately
1.3°C to 1.6°C (Table 7), which are consistent with the calibration RMS deviations for the
Heat Source model. RMS errors for SSTemp temperature predictions on August 6, 1999, are
approximately 1.3°C to 1.7°C (Table 7), which are considerably higher than the calibration
RMS deviations for SSTemp.

The results of the CWE prediction equations are shown in Figure 7. Because its inputs are
not dependent upon the specific date, the CWE model predicts water temperatures that would
be found during the warmest period of a typical summer in northern Idaho. Therefore, for
comparison purposes, Figure 7 shows measured temperatures for the warmest days in 1998,
1999, and 2000; the averages of these measurements are shown in Table 7. Comparing the
CWE predictions to these average measured values shows RMS errors of 1.0°C to 1.2°C for
the CWE model (Table 7).

Discussion

The best calibrations of the Heat Source and SSTemp models that we were able to achieve
through adjustment of humidity, air temperature, and groundwater temperature inputs were
on the order of 1°C to 1.5°C (Table 6). RMS errors for Heat Source temperature predictions
of 1.3°C to 1.6°C (Table 7) were entirely consistent with the calibration RMS deviations for
the Heat Source model. In other words, given our ability to calibrate the Heat Source model
for this drainage, we would not expect to be able to predict temperatures much better than
this on average.

RMS errors for SSTemp temperature predictions of 1.3°C to 1.7°C (Table 7) were
considerably higher than the calibration RMS deviations for SSTemp. Possible explanations
for this poorer prediction performance are either we adjusted the wrong input parameters to
calibrate the model, or the SSTemp model does not perform well under varying atmospheric
and stream flow conditions. The fact that we were able to obtain consistent results with a
similar calibration of the Heat Source model suggests that the former is unlikely.
Furthermore, even when calibrated to predict average temperatures with reasonable accuracy,
SSTemp consistently over-predicted maximum temperatures in all conditions tested for this
drainage, indicating a systematic bias in the model’s prediction of maximum temperatures.

RMS errors for the CWE temperature predictions of 1.0°C to 1.2°C (Table 7) were slightly

better than those for either of the other two models, suggesting that the CWE model performs
at least as well as the other models in a drainage such as Cold Springs Creek. In addition, the
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CWE model requires no calibration, and also involves substantially less time and effort in
obtaining the necessary model inputs and executing the model calculations.

Conclusions

Water temperatures were modeled during summer low flow conditions in approximately 16
miles of stream in Cold Springs Creek, a small (11 sq. mi.) headwater drainage in the Upper
North Fork Clearwater basin, using three different temperature models, and compared to
temperatures measured in 1998, 1999, and 2000. The Heat Source and SSTemp models
require extensive inputs regarding stream and riparian characteristics and atmospheric
conditions. The CWE model requires only elevation and canopy cover as model inputs.

After calibration, Heat Source predicted average and maximum water temperatures to within
about 1.5°C or less. Accuracy of predictions from the SSTemp model was similar to that for
Heat Source. However, SSTemp appears to consistently over-predict maximum
temperatures. CWE predictions of average and maximum water temperatures were as good
as or slightly better than predictions from the other two models. CWE exhibits additional
advantages in its simplicity of inputs and rapid execution.
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Figure 1. Stream Reaches Defined for Cold Springs/Cool Creek Drainage
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Figure 2. Stream Gauge Correlation

Figure 2. Stream Gauge Correlation
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Figure 3. Heat Source Calibration — 7/27/98
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Figure 4. Heat Source Prediction — 8/6/99

October 2003

Figure 4. Heat Source Prediction - 8/6/99

20
181
@)
T
qa
s
=
~N
«
=
o
=
£
9
~—
e
S
2

8 _

6 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43
Reach #

—>— Heat Source average ---©--- Heat Source max B  Measured average 8/6/99 A Measured max 8/6/99

13-13 Final, Revised October 2003




Upper North Fork Clearwater River Subbasin Assessment and TMDLs October 2003

Figure 5. SSTEMP Calibration — 7/27/98
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Figure 6. SSTEMP Prediction — 8/6/99
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Figure 7. CWE Prediction
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Table 1. Heat Source Calibration for 7/27/98 (page 1 of 5)

October 2003

Cold Springs Creek - Heagt Source Inputs for 7/27/98

Calibration
Input parameters
Reach # 1 2 3 4 5 6 7 8 9
Stream Up CId Spr|Up Cld Spr|Up CId Spr|Up Cld Spr|Up Cld Spr|Up CIld Spr|Up Cld Spr{Up CId Spr|Up Cld Spr
Date 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98
Latitude (°) 47 47 47 47 47 47 47 47 47
Longitude (°) 115 115 115 115 115 115 115 115 115
Stream aspect (°) 210 130 215 115 120 135 215 170 105
% bedrock 25% 25% 25% 25% 25% 25% 25% 25% 25%
Reach length (m) 586 1,074 534 798 462 736 238 660 1,231
Stream width (m) 1.5 2.0 1.5 2.3 2.7 2.0 2.0 2.0 3.5
Flow volume (cms) 0.0020 0.0085 0.0060 0.0387 0.0728 0.0062 0.0138 0.0165 0.1011
Velocity (m/s) 0.18 0.24 0.18 0.28 0.26 0.19 0.19 0.20 0.38
G/W inflow (cms) 0.0065 0.0202 0.0040 0.0341 0.0069 0.0076 0.0027 0.0049 0.0394
G/W temperature (°C) 9.8 11.1 11.5 12.3 12.8 11.0 11.9 12.5 13.3
Stream depth (m) 0.032 0.060 0.036 0.112 0.115 0.035 0.043 0.053 0.106
Buffer height (m) 18 18 18 18 18 18 18 18 18
Buffer width (m) 10 10 10 10 10 10 10 10 10
Canopy density 70% 55% 50% 65% 50% 45% 40% 50% 70%
Distance to stream (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incision (m) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tree overhang (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Topographic west (°) 17 39 35 35 39 45 40 39 35
Topographic east (°) 17 39 35 35 39 45 40 39 35
Min. air temp. (°C) 17.8 19.1 19.5 20.3 20.8 19.0 19.9 20.5 21.3
Max. air temp. (°C) 21.8 23.1 23.5 243 24.8 23.0 23.9 24.5 25.3
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Cold Springs Creek - Hegt Source Inputs for 7/27/98
Calibration

Input parameters
Reach # 1 2 3 4 5 6 7 8 9
Stream Up CId Spr|Up Cld Spr|Up CId Spr|Up Cld Spr|Up Cld Spr|Up CIld Spr|Up Cld Spr{Up CId Spr|Up Cld Spr
Min. humidity 45% 45% 45% 45% 45% 45% 45% 45% 45%
Max. humidity 85% 85% 85% 85% 85% 85% 85% 85% 85%
Elevation (m) 1,676 1,448 1,387 1,250 1,167 1,463 1,311 1,210 1,082
Wind speed (m/s) 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Ave. outflow temp (°C) 11.2 12.3 13.2 12.8 13.3 12.8 13.2 14.2 14.0
Max. outflow temp (°C) 12.2 13.5 15.1 13.8 14.7 15.2 15.3 16.4 15.0
Table 1. Heat Source Calibration for 7/27/98 (page 2 of 5)
Cold Springs Creek -
Input parameters
Reach # 10 11 12 13 14 15 16 17 18
Stream Upper Upper Upper Upper Upper Upper Upper Upper Upper

Cool Cool Cool Cool Cool Cool Cool Cool Cool
Date 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98
Latitude (°) 47 47 47 47 47 47 47 47 47
Longitude (°) 115 115 115 115 115 115 115 115 115
Stream aspect (°) 290 230 265 225 140 195 215 135 155
% bedrock 25% 25% 25% 25% 25% 25% 25% 25% 25%
Reach length (m) 955 464 491 307 377 460 288 560 369
Stream width (m) 2.0 2.0 3.0 2.0 2.0 2.7 3.2 2.0 2.2
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Cold Springs Creek -
Input parameters
Reach # 10 11 12 13 14 15 16 17 18
Stream Upper Upper Upper Upper Upper Upper Upper Upper Upper
Cool Cool Cool Cool Cool Cool Cool Cool Cool
Flow volume (cms) 0.0022 0.0049 0.0263 0.0080 0.0067 0.0214 0.0554 0.0031 0.0085
Velocity (m/s) 0.17 0.14 0.15 0.16 0.13 0.15 0.33 0.14 0.13
G/W inflow (cms) 0.0156 0.0036 0.0038 0.0040 0.0027 0.0038 0.0016 0.0054 0.0033
G/W temperature (°C) 9.8 10.0 10.6 10.2 10.2 10.6 11.0 10.1 10.9
Stream depth (m) 0.053 0.031 0.065 0.039 0.036 0.063 0.055 0.030 0.040
Buffer height (m) 18 18 18 18 18 18 18 18 18
Buffer width (m) 10 10 10 10 10 10 10 10 10
Canopy density 65% 45% 70% 60% 60% 60% 70% 65% 80%
Distance to stream (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incision (m) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tree overhang (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Topographic west (°) 29 27 39 29 39 29 35 31 29
Topographic east (°) 29 27 39 29 39 29 35 31 29
Min. air temp. (°C) 17.8 18.0 18.6 18.2 18.2 18.6 19.0 18.1 18.9
Max. air temp. (°C) 21.8 22.0 22.6 22.2 22.2 22.6 23.0 22.1 22.9
Min. humidity 45% 45% 45% 45% 45% 45% 45% 45% 45%
Max. humidity 85% 85% 85% 85% 85% 85% 85% 85% 85%
Elevation (m) 1,670 1,637 1,533 1,603 1,603 1,530 1,475 1,615 1,487
Wind speed (m/s) 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Ave. outflow temp (°C) 11.2 12.6 12.2 11.9 12.3 12.8 12.7 12.1 12.6
Max. outflow temp (°C) 12.2 15.0 13.8 13.8 14.6 15.7 14.4 14.4 14.8
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Table 1. Heat Source Calibration for 7/27/98 (page 3 of 5)
Cold Springs Creek -
Input parameters
Reach # 19 20 21 22 23 24 25 26 27
Upper Upper Upper Upper Lower
Stream CIZJIZ)I CIZE)I CIZE)I CIZ)IZ)I W. Cool | W.Cool | W.Cool | W. Cool Cool
Date 7/27/98 7/27/98 7/27/98 | 7/27/98 7/27/98 7/27/98 | 7/27/98 7/27/98 7/27/98
Latitude (°) 47 47 47 47 47 47 47 47 47
Longitude (°) 115 115 115 115 115 115 115 115 115
Stream aspect (°) 170 265 220 220 160 190 140 120 170
% bedrock 25% 25% 25% 25% 25% 25% 25% 25% 25%
Reach length (m) 663 377 293 1,191 1,309 346 1,087 459 728
Stream width (m) 3.6 2.0 2.2 4.0 2.5 2.7 2.0 3.1 5.2
Flow volume (cms) 0.0688 0.0031 0.0080 0.0886 0.0098 0.0314 0.0040 0.0507 0.1672
Velocity (m/s) 0.32 0.15 0.14 0.37 0.29 0.35 0.28 0.34 0.29
G/W inflow (cms) 0.0107 0.0049 0.0011 0.0231 0.0216 0.0036 0.0116 0.0049 0.0136
G/W temperature (°C) 11.3 10.6 11.3 12.1 10.7 11.7 11.0 12.3 12.9
Stream depth (m) 0.069 0.027 0.030 0.075 0.043 0.038 0.027 0.052 0.121
Buffer height (m) 18 18 18 18 18 18 18 18 18
Buffer width (m) 10 10 10 10 10 10 10 10 10
Canopy density 45% 55% 80% 50% 50% 70% 70% 70% 70%
Distance to stream (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incision (m) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tree overhang (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Topographic west (°) 35 17 22 39 31 39 45 45 45
Topographic east (°) 35 17 22 39 31 39 45 45 45
Min. air temp. (°C) 19.3 18.6 19.3 20.1 18.7 19.7 19.0 20.3 20.9
Max. air temp. (°C) 23.3 22.6 23.3 24.1 22.7 23.7 23.0 24.3 24.9
Min. humidity 45% 45% 45% 45% 45% 45% 45% 45% 45%
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Cold Springs Creek -

Input parameters

Reach # 19 20 21 22 23 24 25 26 27
Stream UCIZ)IZ)CIT Ié}:)%elr Ié}:)%elr Ié%z)elr W. Cool | W.Cool | W.Cool | W. Cool Lcogﬁr
Max. humidity 85% 85% 85% 85% 85% 85% 85% 85% 85%
Elevation (m) 1,411 1,536 1,417 1,286 1,524 1,347 1,469 1,247 1,149
Wind speed (m/s) 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Ave. outflow temp (°C) 13.1 12.2 13.2 13.7 12.5 12.9 12.5 13.2 13.9
Max. outflow temp (°C) 15.7 13.6 16.5 16.7 14.9 15.0 14.8 15.6 16.7

Table 1. Heat Source Calibration for 7/27/98 (page 4 of 5)

Cold Springs Creek -
Input parameters

Reach # 28 29 30 31 32 33 34 35 36
Stream Lower Lower Lo Cld Spr|Lo CId Spr| N. Ice N. Ice N. Ice N. Ice N. Ice
Cool Cool

Date 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98
Latitude (°) 47 47 47 47 47 47 47 47 47
Longitude (°) 115 115 115 115 115 115 115 115 115
Stream aspect (°) 170 165 105 145 185 230 230 210 210
% bedrock 25% 25% 25% 25% 25% 25% 25% 25% 25%
Reach length (m) 605 212 787 810 1,006 549 325 452 847
Stream width (m) 4.5 4.5 4.5 4.5 2.0 2.0 2.5 2.5 2.9
Flow volume (cms) 0.1809 0.1883 0.3298 0.3566 0.0116 0.0084 0.0450 0.0505 0.0643
Velocity (m/s) 0.39 0.33 0.77 0.78 0.44 0.39 0.40 0.43 0.25
G/W inflow (cms) 0.0074 0.0009 0.0269 0.0229 0.0182 0.0069 0.0054 0.0138 0.0091
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Cold Springs Creek -
Input parameters
Reach # 28 29 30 31 32 33 34 35 36
Stream Lower Lower Lo Cld Spr|Lo CId Spr| N. Ice N. Ice N. Ice N. Ice N. Ice
Cool Cool
G/W temperature (°C) 13.4 13.6 13.8 14.1 11.2 11.3 12.2 12.8 13.6
Stream depth (m) 0.107 0.127 0.103 0.108 0.034 0.019 0.051 0.059 0.099
Buffer height (m) 18 18 18 18 12 12 3 18 18
Buffer width (m) 10 10 10 10 7 7 3 10 10
Canopy density 40% 80% 70% 70% 40% 50% 40% 85% 85%
Distance to stream (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incision (m) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tree overhang (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Topographic west (°) 45 45 45 45 39 29 39 46 46
Topographic east (°) 45 45 45 45 39 29 39 46 46
Min. air temp. (°C) 21.4 21.6 21.8 22.1 19.2 19.3 20.2 20.8 21.6
Max. air temp. (°C) 25.4 25.6 25.8 26.1 23.2 23.3 24.2 24.8 25.6
Min. humidity 45% 45% 45% 45% 45% 45% 45% 45% 45%
Max. humidity 85% 85% 85% 85% 85% 85% 85% 85% 85%
Elevation (m) 1,067 1,030 1,000 951 1,426 1,417 1,265 1,158 1,036
Wind speed (m/s) 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Ave. outflow temp (°C) 14.3 14.4 14.3 14.5 12.6 12.8 13.0 13.2 13.9
Max. outflow temp (°C) 17.5 17.3 16.0 16.6 14.5 14.2 14.9 14.4 16.0
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Table 1. Heat Source Calibration for 7/27/98 (page 5 of 5)
Cold Springs Creek -
Input parameters
Reach # 37 38 39 40 41 42 43
Stream N. Ice S. Ice S. Ice S. Ice Lo CldSpr | LoCldSpr | Lo Cld Spr
Date 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98
Latitude (°) 47 47 47 47 47 47 47
Longitude (°) 115 115 115 115 115 115 115
Stream aspect (°) 210 225 230 240 120 130 170
% bedrock 25% 25% 25% 25% 25% 25% 25%
Reach length (m) 254 549 491 391 229 995 646
Stream width (m) 2.9 2.0 2.0 2.5 5.5 5.5 5.5
Flow volume (cms) 0.0734 0.0076 0.0147 0.0214 0.4761 0.4814 0.4959
Velocity (m/s) 0.28 0.37 0.39 0.29 0.43 0.46 0.43
G/W inflow (cms) 0.0007 0.0071 0.0067 0.0011 0.0053 0.0145 0.0056
G/W temperature (°C) 14.1 12.3 13.2 13.9 14.2 14.5 14.7
Stream depth (m) 0.092 0.020 0.027 0.031 0.201 0.197 0.214
Buffer height (m) 18 18 18 18 18 18 12
Buffer width (m) 10 10 10 10 10 10 7
Canopy density 70% 70% 90% 80% 50% 70% 50%
Distance to stream (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incision (m) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tree overhang (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Topographic west (°) 54 29 17 42 45 45 11
Topographic east (°) 54 29 17 42 45 45 11
Min. air temp. (°C) 22.1 20.3 21.2 21.9 22.2 22.5 22.7
Max. air temp. (°C) 26.1 24.3 25.2 25.9 26.2 26.5 26.7
Min. humidity 45% 45% 45% 45% 45% 45% 45%
Max. humidity 85% 85% 85% 85% 85% 85% 85%
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Cold Springs Creek -
Input parameters
Reach # 37 38 39 40 41 42 43
Stream N. Ice S. Ice S. Ice S. Ice Lo Cld Spr | LoCldSpr | Lo Cld Spr
Elevation (m) 951 1,250 1,097 981 920 884 838
Wind speed (m/s) 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Ave. outflow temp (°C) 14.2 13.3 13.9 14.6 14.3 14.6 14.9
Max. outflow temp (°C) 15.7 15.4 14.5 16.3 15.5 16.4 16.6
Table 2. Heat Source Calibration for 8/6/99 (page 1 of 5)
Cold Springs Creck - Heat Source Inputs for 8/6/99

Prediction
Input parameters
Reach # 1 2 3 4 5 6 7 8 9
Stream Up CId Spr|Up Cld Spr|Up CId Spr|Up Cld Spr|Up Cld Spr|Up CId Spr|Up Cld Spr|Up CId Spr|Up Cld Spr
Date 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98
Latitude (°) 47 47 47 47 47 47 47 47 47
Longitude (°) 115 115 115 115 115 115 115 115 115
Stream aspect (°) 210 130 215 115 120 135 215 170 105
% bedrock 25% 25% 25% 25% 25% 25% 25% 25% 25%
Reach length (m) 586 1,074 534 798 462 736 238 660 1,231
Stream width (m) 1.5 2.0 1.5 2.3 2.7 2.0 2.0 2.0 3.5
Flow volume (cms) 0.0020 0.0085 0.0060 0.0387 0.0728 0.0062 0.0138 0.0165 0.1011
Velocity (m/s) 0.18 0.24 0.18 0.28 0.26 0.19 0.19 0.20 0.38
G/W inflow (cms) 0.0065 0.0202 0.0040 0.0341 0.0069 0.0076 0.0027 0.0049 0.0394
G/W temperature (°C) 9.8 11.1 11.5 12.3 12.8 11.0 11.9 12.5 13.3
Stream depth (m) 0.032 0.060 0.036 0.112 0.115 0.035 0.043 0.053 0.106
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Cold Springs Creek - Hegt Source Inputs for 8/6/99

Prediction
Input parameters
Reach # 1 2 3 4 5 6 7 8 9
Stream Up Cld Spr|Up CId Spr|Up Cld Spr|Up Cld Spr|Up Cld Spr{Up Cld Spr|Up CId Spr|Up Cld Spr|Up CId Spr
Buffer height (m) 18 18 18 18 18 18 18 18 18
Buffer width (m) 10 10 10 10 10 10 10 10 10
Canopy density 70% 55% 50% 65% 50% 45% 40% 50% 70%
Distance to stream (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incision (m) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tree overhang (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Topographic west (°) 17 39 35 35 39 45 40 39 35
Topographic east (°) 17 39 35 35 39 45 40 39 35
Min. air temp. (°C) 17.8 19.1 19.5 20.3 20.8 19.0 19.9 20.5 21.3
Max. air temp. (°C) 21.8 23.1 23.5 24.3 24.8 23.0 23.9 24.5 25.3
Min. humidity 45% 45% 45% 45% 45% 45% 45% 45% 45%
Max. humidity 85% 85% 85% 85% 85% 85% 85% 85% 85%
Elevation (m) 1,676 1,448 1,387 1,250 1,167 1,463 1,311 1,210 1,082
Wind speed (m/s) 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Ave. outflow temp (°C) 11.2 12.3 13.2 12.8 13.3 12.8 13.2 14.2 14.0
Max. outflow temp (°C) 12.2 13.5 15.1 13.8 14.7 15.2 15.3 16.4 15.0
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Table 2. Heat Source Calibration for 8/6/99 (page 2 of 5)

Cold Springs Creek -
Input parameters
Reach # 10 11 12 13 14 15 16 17 18
Stream Upper Upper Upper Upper Upper Upper Upper Upper Upper
Cool Cool Cool Cool Cool Cool Cool Cool Cool
Date 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98
Latitude (°) 47 47 47 47 47 47 47 47 47
Longitude (°) 115 115 115 115 115 115 115 115 115
Stream aspect (°) 290 230 265 225 140 195 215 135 155
% bedrock 25% 25% 25% 25% 25% 25% 25% 25% 25%
Reach length (m) 955 464 491 307 377 460 288 560 369
Stream width (m) 2.0 2.0 3.0 2.0 2.0 2.7 3.2 2.0 2.2
Flow volume (cms) 0.0022 0.0049 0.0263 0.0080 0.0067 0.0214 0.0554 0.0031 0.0085
Velocity (m/s) 0.17 0.14 0.15 0.16 0.13 0.15 0.33 0.14 0.13
G/W inflow (cms) 0.0156 0.0036 0.0038 0.0040 0.0027 0.0038 0.0016 0.0054 0.0033
G/W temperature (°C) 9.8 10.0 10.6 10.2 10.2 10.6 11.0 10.1 10.9
Stream depth (m) 0.053 0.031 0.065 0.039 0.036 0.063 0.055 0.030 0.040
Buffer height (m) 18 18 18 18 18 18 18 18 18
Buffer width (m) 10 10 10 10 10 10 10 10 10
Canopy density 65% 45% 70% 60% 60% 60% 70% 65% 80%
Distance to stream (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incision (m) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tree overhang (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Topographic west (°) 29 27 39 29 39 29 35 31 29
Topographic east (°) 29 27 39 29 39 29 35 31 29
Min. air temp. (°C) 17.8 18.0 18.6 18.2 18.2 18.6 19.0 18.1 18.9
Max. air temp. (°C) 21.8 22.0 22.6 22.2 22.2 22.6 23.0 22.1 22.9
Min. humidity 45% 45% 45% 45% 45% 45% 45% 45% 45%
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Cold Springs Creek -
Input parameters
Reach # 10 11 12 13 14 15 16 17 18
Stream Upper Upper Upper Upper Upper Upper Upper Upper Upper
Cool Cool Cool Cool Cool Cool Cool Cool Cool
Max. humidity 85% 85% 85% 85% 85% 85% 85% 85% 85%
Elevation (m) 1,670 1,637 1,533 1,603 1,603 1,530 1,475 1,615 1,487
Wind speed (m/s) 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Ave. outflow temp (°C) 11.2 12.6 12.2 11.9 12.3 12.8 12.7 12.1 12.6
Max. outflow temp (°C) 12.2 15.0 13.8 13.8 14.6 15.7 14.4 14.4 14.8
Table 2. Heat Source Calibration for 8/6/99 (page 3 of 5)
Cold Springs Creek -
Input parameters
Reach # 19 20 21 22 23 24 25 26 27
Upper Upper Upper Upper Lower
Stream CI; IZ) ! ciil Clz)pol Clz) F:) 1 W. Cool | W.Cool | W.Cool | W. Cool Cool
Date 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98
Latitude (°) 47 47 47 47 47 47 47 47 47
Longitude (°) 115 115 115 115 115 115 115 115 115
Stream aspect (°) 170 265 220 220 160 190 140 120 170
% bedrock 25% 25% 25% 25% 25% 25% 25% 25% 25%
Reach length (m) 663 377 293 1,191 1,309 346 1,087 459 728
Stream width (m) 3.6 2.0 2.2 4.0 2.5 2.7 2.0 3.1 5.2
Flow volume (cms) 0.0688 0.0031 0.0080 0.0886 0.0098 0.0314 0.0040 0.0507 0.1672
Velocity (m/s) 0.32 0.15 0.14 0.37 0.29 0.35 0.28 0.34 0.29
G/W inflow (cms) 0.0107 0.0049 0.0011 0.0231 0.0216 0.0036 0.0116 0.0049 0.0136
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Cold Springs Creek -

Input parameters

Reach # 19 20 21 22 23 24 25 26 27
Stream %I?OGIT [(J:Iz) Iz) elr [élz)lzﬁr [é%%fir W. Cool | W.Cool | W.Cool | W. Cool Lé);:)elr
G/W temperature (°C) 11.3 10.6 11.3 12.1 10.7 11.7 11.0 12.3 12.9
Stream depth (m) 0.069 0.027 0.030 0.075 0.043 0.038 0.027 0.052 0.121
Buffer height (m) 18 18 18 18 18 18 18 18 18
Buffer width (m) 10 10 10 10 10 10 10 10 10
Canopy density 45% 55% 80% 50% 50% 70% 70% 70% 70%
Distance to stream (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incision (m) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tree overhang (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Topographic west (°) 35 17 22 39 31 39 45 45 45
Topographic east (°) 35 17 22 39 31 39 45 45 45
Min. air temp. (°C) 19.3 18.6 19.3 20.1 18.7 19.7 19.0 20.3 20.9
Max. air temp. (°C) 23.3 22.6 23.3 24.1 22.7 23.7 23.0 24.3 24.9
Min. humidity 45% 45% 45% 45% 45% 45% 45% 45% 45%
Max. humidity 85% 85% 85% 85% 85% 85% 85% 85% 85%
Elevation (m) 1,411 1,536 1,417 1,286 1,524 1,347 1,469 1,247 1,149
Wind speed (m/s) 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Ave. outflow temp (°C) 13.1 12.2 13.2 13.7 12.5 12.9 12.5 13.2 13.9
Max. outflow temp (°C) 15.7 13.6 16.5 16.7 14.9 15.0 14.8 15.6 16.7
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Table 2. Heat Source Calibration for 8/6/99 (page 4 of 5)

Cold Springs Creek -
Input parameters
Reach # 28 29 30 31 32 33 34 35 36
Stream Lower Lower Lo Cld Spr|Lo Cld Spr| N. Ice N. Ice N. Ice N. Ice N. Ice
Cool Cool
Date 7/27/98 7/27/98 | 7/27/98 | T7/27/98 7/27/98 | 7/27/98 7/27/98 | 7/27/98 | T7/27/98
Latitude (°) 47 47 47 47 47 47 47 47 47
Longitude (°) 115 115 115 115 115 115 115 115 115
Stream aspect (°) 170 165 105 145 185 230 230 210 210
% bedrock 25% 25% 25% 25% 25% 25% 25% 25% 25%
Reach length (m) 605 212 787 810 1,006 549 325 452 847
Stream width (m) 4.5 4.5 4.5 4.5 2.0 2.0 2.5 2.5 2.9
Flow volume (cms) 0.1809 0.1883 0.3298 0.3566 0.0116 0.0084 0.0450 0.0505 0.0643
Velocity (m/s) 0.39 0.33 0.77 0.78 0.44 0.39 0.40 0.43 0.25
G/W inflow (cms) 0.0074 0.0009 0.0269 0.0229 0.0182 0.0069 0.0054 0.0138 0.0091
G/W temperature (°C) 13.4 13.6 13.8 14.1 11.2 11.3 12.2 12.8 13.6
Stream depth (m) 0.107 0.127 0.103 0.108 0.034 0.019 0.051 0.059 0.099
Buffer height (m) 18 18 18 18 12 12 3 18 18
Buffer width (m) 10 10 10 10 7 7 3 10 10
Canopy density 40% 80% 70% 70% 40% 50% 40% 85% 85%
Distance to stream (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incision (m) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tree overhang (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Topographic west (°) 45 45 45 45 39 29 39 46 46
Topographic east (°) 45 45 45 45 39 29 39 46 46
Min. air temp. (°C) 21.4 21.6 21.8 22.1 19.2 19.3 20.2 20.8 21.6
Max. air temp. (°C) 25.4 25.6 25.8 26.1 23.2 23.3 24.2 24.8 25.6
Min. humidity 45% 45% 45% 45% 45% 45% 45% 45% 45%
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Cold Springs Creek -

Input parameters

Reach # 28 29 30 31 32 33 34 35 36

Stream Lower Lower Lo CId Spr|Lo Cld Spr| N. Ice N. Ice N. Ice N. Ice N. Ice
Cool Cool

Max. humidity 85% 85% 85% 85% 85% 85% 85% 85% 85%

Elevation (m) 1,067 1,030 1,000 951 1,426 1,417 1,265 1,158 1,036

Wind speed (m/s) 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1

Ave. outflow temp (°C) 14.3 14.4 14.3 14.5 12.6 12.8 13.0 13.2 13.9

Max. outflow temp (°C) 17.5 17.3 16.0 16.6 14.5 14.2 14.9 14.4 16.0

Table 2. Heat Source Calibration for 8/6/99 (page 5 of 5)

Cold Springs Creek -

Input parameters

Reach # 37 38 39 40 41 42 43

Stream N. Ice S. Ice S. Ice S. Ice LoCldSpr | LoCld Spr | Lo Cld Spr

Date 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98 7/27/98

Latitude (°) 47 47 47 47 47 47 47

Longitude (°) 115 115 115 115 115 115 115

Stream aspect (°) 210 225 230 240 120 130 170

% bedrock 25% 25% 25% 25% 25% 25% 25%

Reach length (m) 254 549 491 391 229 995 646

Stream width (m) 2.9 2.0 2.0 2.5 5.5 5.5 5.5

Flow volume (cms) 0.0734 0.0076 0.0147 0.0214 0.4761 0.4814 0.4959

Velocity (m/s) 0.28 0.37 0.39 0.29 0.43 0.46 0.43

G/W inflow (cms) 0.0007 0.0071 0.0067 0.0011 0.0053 0.0145 0.0056

G/W temperature (°C) 14.1 12.3 13.2 13.9 14.2 14.5 14.7
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Cold Springs Creek -

Input parameters

Reach # 37 38 39 40 41 42 43
Stream N. Ice S. Ice S. Ice S. Ice LoCldSpr | LoCldSpr | Lo Cld Spr
Stream depth (m) 0.092 0.020 0.027 0.031 0.201 0.197 0.214
Buffer height (m) 18 18 18 18 18 18 12
Buffer width (m) 10 10 10 10 10 10 7
Canopy density 70% 70% 90% 80% 50% 70% 50%
Distance to stream (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incision (m) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tree overhang (m) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Topographic west (°) 54 29 17 42 45 45 11
Topographic east (°) 54 29 17 42 45 45 11
Min. air temp. (°C) 22.1 20.3 21.2 21.9 22.2 22.5 22.7
Max. air temp. (°C) 26.1 243 25.2 25.9 26.2 26.5 26.7
Min. humidity 45% 45% 45% 45% 45% 45% 45%
Max. humidity 85% 85% 85% 85% 85% 85% 85%
Elevation (m) 951 1,250 1,097 981 920 884 838
Wind speed (m/s) 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Ave. outflow temp (°C) 14.2 13.3 13.9 14.6 14.3 14.6 14.9
Max. outflow temp (°C) 15.7 15.4 14.5 16.3 15.5 16.4 16.6
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Table 3. SSTemp Calibration for 7/27/98 (page 1 of 5)

Cold Springs Creek - SSTemp Inputs for
7/127/98
Reach # 1 2 3 4 5 6 7 8 9
Stream UpCld | UpCld | UpCld | UpCld | UpCld | UpCld | UpCld | UpCld | UpCld
Spr Spr Spr Spr Spr Spr Spr Spr Spr

Date 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98
Inflow volume (cf5s) 0.07 0.30 0.21 1.37 2.57 0.22 0.49 0.58 3.57
Inflow temp. (°C) 3.8 10.0 5.5 11.4 10.9 5.0 12.2 13.0 12.5
Outflow volume (cfs) 0.30 1.01 0.35 2.57 2.82 0.49 0.58 0.76 4.96
G/W temperature (°C) 3.8 5.1 5.5 6.3 6.8 5.0 5.9 6.5 7.3
Latitude (°) 47 47 47 47 47 47 47 47 47
Reach length (mi) 0.364 0.667 0.332 0.496 0.287 0.457 0.148 0.410 0.765
Upstream elev. (ft) 5,800 5,200 4,800 4,300 3,920 5,200 4,400 4,200 3,740
Downstream elev. (ft) 5,200 4,300 4,300 3,900 3,740 4,400 4,200 3,740 3,360
Width A term (s/ft) 6.89 7.13 6.34 6.59 7.26 8.08 7.43 7.11 8.59

B term (W =A Q"B) 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Manning's n (wetted) 0.320 0.320 0.320 0.320 0.320 0.320 0.320 0.320 0.183
Azimuth (° from south) 30 -50 35 -65 -60 -45 35 -10 -75
Topographic west (°) 17 39 35 35 39 45 40 39 35
Topographic east (°) 17 39 35 35 39 45 40 39 35
Buffer height west (ft) 60 60 60 60 60 60 60 60 60
Buffer height east (ft) 60 60 60 60 60 60 60 60 60
Buffer crown west (ft) 30 30 30 30 30 30 30 30 30
Buffer crown east (ft) 30 30 30 30 30 30 30 30 30
Buffer offset west (ft) 15 15 15 15 15 15 15 15 15
Buffer offset east (ft) 15 15 15 15 15 15 15 15 15
Canopy density west 70% 55% 50% 65% 50% 45% 40% 50% 70%
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Cold Springs Creek - SSTemp Inputs for
7/127/98
Reach # 1 2 3 4 5 6 7 8 9
S Up Cld Up Cld Up Cld Up Cld Up Cld Up Cld Up Cld Up Cld Up Cld
tream
Spr Spr Spr Spr Spr Spr Spr Spr Spr

Canopy density east 70% 55% 50% 65% 50% 45% 40% 50% 70%
Average air temp. (°C) 19.3 20.6 21.0 21.8 22.3 20.5 21.4 22.0 22.8
Average humidity 65% 65% 65% 65% 65% 65% 65% 65% 65%
Wind speed (mph) 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
Ground temp. (°C) 3.8 5.1 5.5 6.3 6.8 5.0 5.9 6.5 7.3
Ave. wetted width (ft) 4.9 6.6 4.9 7.5 8.9 6.6 6.6 6.6 11.5
Calculated depth (ft) 0.11 0.20 0.12 0.37 0.38 0.12 0.14 0.17 0.35
SSTemp ave. temp. (°C) 10.0 11.3 11.7 10.9 11.9 12.2 13.0 14.6 13.1
SSTemp max. temp. (°C)
Table 3. SSTemp Calibration for 7/27/98 (page 2 of 5)
Cold Springs Creek -
Reach # 10 11 12 13 14 15 16 17 18
Stream Upper Upper Upper Upper Upper Upper Upper Upper Upper

Cool Cool Cool Cool Cool Cool Cool Cool Cool
Date 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98 | 7/27/98
Inflow volume (cfs) 0.08 0.17 0.93 0.28 0.24 0.76 1.96 0.11 0.30
Inflow temp. (°C) 3.8 4.0 10.7 4.2 4.2 9.0 11.7 4.1 11.6
Outflow volume (cfs) 0.63 0.30 1.06 0.42 0.33 0.89 2.01 0.30 0.42
G/W temperature (°C) 3.8 4.0 4.6 4.2 4.2 4.6 5.0 4.1 4.9
Latitude (°) 47 47 47 47 47 47 47 47 47
Reach length (mi) 0.593 0.288 0.305 0.191 0.234 0.286 0.179 0.348 0.229
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Cold Springs Creek -
Reach # 10 11 12 13 14 15 16 17 18
Stream Upper Upper Upper Upper Upper Upper Upper Upper Upper
Cool Cool Cool Cool Cool Cool Cool Cool Cool
Upstream elev. (ft) 5,800 5,600 5,140 5,400 5,400 5,120 4,920 5,600 5,000
Downstream elev. (ft) 5,140 5,140 4,920 5,120 5,120 4,920 4,760 5,000 4,760
Width A term (s/ft%) 8.08 8.75 9.85 8.08 8.43 9.21 9.15 9.00 8.86
B term (W =A Q"B) 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Manning's n (wetted) 0.389 0.389 0.389 0.389 0.389 0.389 0.183 0.389 0.389
Azimuth (° from south) -70 50 85 45 -40 15 35 -45 -25
Topographic west (°) 29 27 39 29 39 29 35 31 29
Topographic east (°) 29 27 39 29 39 29 35 31 29
Buffer height west (ft) 60 60 60 60 60 60 60 60 60
Buffer height east (ft) 60 60 60 60 60 60 60 60 60
Buffer crown west (ft) 30 30 30 30 30 30 30 30 30
Buffer crown east (ft) 30 30 30 30 30 30 30 30 30
Buffer offset west (ft) 15 15 15 15 15 15 15 15 15
Buffer off